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(57)Abslracl: 

PROBLEM TO 13 E SOLVED: To reduce delay in a circuit and 
realize improvement of noise res is lance in a semiconductor 
integrated circuit of a multilayer wiring structure with a wiring 
layer of an oblique wiring lattice. 

SOLUTION: An n-lh (n 2) layer wiring is provided with 
reference wiring layers 1 . 2 forming an X-Y direction 
reference wiring lattice by a wiring of an m-lh (m 2) layer at 
right angles to an (n-l )-lh layer wiring and oblique wiring 
layers 3, 4 which intersect at 45° or 135° to a reference wiring 
lattice by an (m+1 )-lh layer wiring and an (m+2)-lh layer 
wiring which intersect at right angles mutually and whose 
wiring pilch between the (m+l)-lh layer wiring and the (m+2)- 
th layer wiring is set 2 times to a wiring pitch between wiring 
of each reference wiring layer and whose wiring width is set to 
2 times the wiring width of each reference wiring layer. 
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(54) [Title of the Invention] Semiconductor integrated circuit apparatus, semiconductor integrated 

,„ w A . , Clrcuit >virin g ,,lct l>od and cell layout method 

(j/J [Abstract] 

[Object] To achieve the reduction of circuit delay and the improvement of noise resistance in , 

~~r d circuit with a niu,ii - iayer wiring *— 

[Solution] Standard wiring layers (1,2) constituting standard wiring grids in the X-Y direction nr. 
provided by n, layers (,„>2) of wiring in which the nth layer („>2) wiL a d the 0* H Z 
cross each other perpendicularly; furthermore, by the (,J,) t , ay r w 2 n " " , T ^ 
that cross each other perpendicularly, diagonal wiring layers (3 i f ^ W ™* 

provided which cross the standard wiring grids a, Bn^^^^V^,^ 6 *** "* 
de wing lines of the ( r ,)^ 

the l.ne p.tch between the wiring lines of the respective layers of the «™h,h ■ 

the wiring line width [of the ( w+ l)th layer wirino and I ,1 7""? ^ ^ Which 

wiring line width between the wiring i of the C^c^^X"^ ^ ^ 
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[Claims] 

[Claim 1] A semiconductor integrated circuit apparatus which is characterized by the fact that 

[a] said apparatus comprises 

[i] a semiconductor region in which a plurality of unit elements are formed, 

[ii] standard wiring layers which are formed above said semiconductor region and which form 
standard wiring grids in the X-Y direction by m layers (m>2) of wiring in which the /7th layer 
(/;>2) wiring and the (/>-l)th layer wiring cross each other perpendicularly, and 

[iii] diagonal wiring layers which are positioned above the aforementioned standard wiring 
layers and which form, by the (m+I)lh layer wiring and the (///+2)th layer wiring that cross each 
other perpendicularly, diagonal wiring grids that cross the aforementioned standard wiring grids 
at an angle of 45° or 135°; 

[b] the line pitch between the wiring lines of the (/«+ 1 )th layer and between the wiring lines of 
the (/??+2)th layer of the aforementioned diagonal wiring layers is sei at V2 times the line pitch 
between the wiring lines of the respective layers of the aforementioned standard wiring layers; 
and 1 [c] the wiring line width of the (/;/+l)lh layer and the wiring line width of the 
aforementioned (w+2)th layer of the aforementioned diagonal wiring layers are set at \'2 times 
the wiring line width of the respective layers of the aforementioned standard wiring layers. 

[Claim 2] The semiconductor integrated circuit apparatus described in Claim 1, which is 
characterized by the fact that the wiring film thickness of the aforementioned diagonal wiring 
layers is set at V2 times the wiring film thickness of the aforementioned standard wiring grids." 

[Claim 3] The semiconductor integrated circuit apparatus described in Claim 1 or Claim 2. 
which is characterized by the fact that the aforementioned standard wiring layers and the 
aforementioned diagonal wiring layers form wiring channel regions, and 
said wiring channel regions are formed in a direction parallel to the cell rows which consist of 
rows of logic cells made up of the aforementioned unit elements. 

[Claim 4] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

3, which is characterized by the fact that via holes for wiring connection are provided at the 
intersections of the wiring of the aforementioned standard wiring layers and the wiring of the 
aforementioned diagonal wiring layers, and 

the cross-sectional shape of these via holes is a hexagon, octagon, or parallelogram. 

[Claim 5] The semiconductor integrated circuit apparatus described in any of Claims 1 through 

4, which is characterized by the fact that the aforementioned plurality of unit elements form 
cells, and 



1 Translator's noic: Wc have used the same paragraph breaks as the original document, and added [a], [b], [c], etc., 
and [i], [iii], etc., to indicate the parallel structure in a highly complex sentence. 

2 Translator's note: The terms "layer" and "grid" are interchangeably used throughout the Japanese source document; 
our translation faithfully reflects the wording of the original document. 
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said cells have obstacle regions which are defined as a pattern following the wiring direction of 
ihe aforementioned diagonal wiring grids and in which wiring cannot be done. ' 

[Claim 6] The semiconductor integrated circuit apparatus described in any of Claims 1 throuoh 
5. wh,ch is characterized by the fact that a part of the wiring of the aforementioned diagonal ° 
wiring layers is configured as power supply wiring for supplying power. 

[Claim 7] The semiconductor integrated circuit apparatus described in any of Claims 1 through 
6 wh,ch ,s characterized by the fact that [a] the aforementioned plurality of unit elements form 
cells consisting of the aforementioned plurality of unit elements, 

[b] said cells are supplied clock signals through tree-shaped wiring paths and 

[c] said tree-shaped wiring paths are formed by combining unit wiring patterns which are formed 
by connectmg, through the wiring of [one ofj the aforementioned standard wirin- layers f 1 
first connection made by paths formed by bringing close to each other wiring lines of the 

a ^ntioned diagonal wiring layers from points I and 2, and [ii] a second connection made by 

c zi:>:: ™ c ,asc 10 each oi,,er w,nns ,ta ° f ** afo — — 

[Claim 8] The semiconductor integrated circuit apparatus described in any of Claims J throuoh 
7, which is characterized by the fact that [a] the aforementioned semiconductor iZr ^n 
pparatus further comprises upper wiring layers which are positioned above the afoiCentio ed 
diagonal wring layers, which form upper wiring grids by the (H)th layer (,>2) wiZ , e 

f ,ay T W ' nng tha : Cf0SS CilCh o«- Perpendicularly, and which cross L afoiie on 
diagonal wiring grids or the (/ >2)th layer wiring at an angle of 45°or 135° 

[b] the line pi tcll between the wiring lines of the respective layers of said upper wirin 2 layers is 
' £U h l,mCS thG ,,ne ' )lldl wiring lines of the respective layers of the 

diagonal wiring layers or the line pitch of the wiring Imes of said C,-2)th layer 

[c] the wiring line width of the respective layers of said upper vvirin* layers is set m +> f - 
wiring line width of the wiring of (he respective fivers of L ,r til£ 
layers or the wiring line widthV said ^ Wring 

8™ I",:^ j" - of Cla,ms 1 through 

global wiring which extends ^^^^^ ^ ^ W 

[Claim 1 0] The semiconductor integrated circuit apparatus described in Claim 9 which is 
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aforementioned diagonal wiring layers in cases where direct connection to the aforementioned 
global wiring is required. 

[Claim 12] The semiconductor integrated circuit apparatus described in any of Claims 1 through 
1 1 which is characterized by the fact thai [a] the aforementioned semiconductor integrated 
circuit apparatus further comprises nip-flop circuits and a PLL (Phase Locked Loop) which is 
positioned in the corner of the chip, [b] said flip-flop circuits are supplied a clock signal through 
tree-shaped wiring paths, and [c] said tree-shaped wiring paths are connected using the wiring of 
the aforementioned diagonal wiring layers from said PLL to the central region of the chip, and 
are connected from the aforementioned central region of the chip to the aforementioned Hip-flop 
circuits in a hierarchical structure via buffer cells, so that the RC product is balanced. 
[Claim 13] The semiconductor integrated circuit apparatus described in any of Claims 1 through 
12, which is characterized by the fact that the aforementioned semiconductor integrated circuit 
apparatus further comprises SRAM circuits which use wiring of the aforementioned standard 
wiring layers for their internal wiring, and 

the wiring passing over said SRAM circuits is wired on 3 the aforementioned diagonal wiring 
layers. 

[Claim 14] The semiconductor integrated circuit apparatus described in any of Claims 1 through 
] 3, which is characterized by the fact that the aforementioned standard wiring layers are 
composed of three layers, and 

the first layer wiring and third layer wiring of the aforementioned standard wiring layers are laid 
out in a direction parallel to the cell rows which consist of rows of logic cells made up of the 
aforementioned unit elements. 

[Claim 15] The semiconductor integrated circuit [apparatus] described in any of Claims 1 
through 13, which is characterized by the fact that the aforementioned standard wiring layers are 
composed of two layers. 

[Claim 16] A semiconductor integrated circuit wiring method for wiring the elements of a 
semiconductor integrated circuit; 

said semiconductor integrated circuit wiring method being characterized by the fact that it 
includes 

a step of forming standard wiring layers in the X-Y direction comprising m layers (»i>2) of 
wiring in which the nth layer (n>2) wiring and the (n-l)lh layer wiring cross each other 
perpendicularly, and 

a step of forming diagonal wiring layers which comprise the (m+l)th layer wiring and the 
(m+2)th layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard wiring layers at an angle of 45° or 135°, in which the line pitch between the wiring lines 
of the (/;;+] )th layer and between the wiring lines of the (m+2)th layer is set at V2 times the line 



Wordinu unclear in ihe original - Translator. 
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pilch between the wiring lines of the respective layers of the aforementioned standard wiring 
layers, and in which the wiring line width of the (/»+l)th layer wiring and the (/;j+2)lh layer 
wiring is set at V2 times the wiring line width of the respective layers of the aforementioned 
standard wiring layers. 

[Claim 17] The semiconductor integrated circuit wiring method described in Claim 16, which is 
characterized by the fact that the aforementioned semiconductor integrated circuit whins method 
further includes 

a step of extracting from wiring nets formed by the aforementioned standard wiring layers [any] 

wiring netfs] which generate^] a delay exceeding the specified delay time, and 

a step of inserting a signal-amplifying buffer cell in a position over said extracted wiring netfs] in 

which this buffer cell can be connected to the wiring of the aforementioned diagonal wiring 

grids. 

[Claim IS] The semiconductor integrated circuit wiring method described in Claim 16 or 17. 
which is characterized by the fact that the aforementioned semiconductor integrated circuit 
wiring method further includes 

a step of defining cells which are made up of the aforementioned plurality of unit elements, and 
a step of defining in said cells an obstacle region where wiring cannot be done as a pattern which 
follows the wiring direction of the aforementioned diagonal wiring layers. 

[Claim 19] The semiconductor integrated circuit wiring method described in Claim 18, which is 
characterized by the fact that, in the aforementioned step of defining an obstacle region, the 
aforementioned (/»+l)th layer wiring or the aforementioned (///+2)th layer wiring inlaid out near 
the corners of that region. 

[Claim 20] The semiconductor integrated circuit wiring method described in any of Claims 16 
through 19, which is characterized by the fact that the aforementioned semiconductor integrated 
circuit wiring method further includes 

a step of replacing a specified portion of one of two parallel wiring lines in the same layer 
(among wiring lines of any of the aforementioned in layers of the aforementioned standard 
wiring layers) with wiring of [one of] the aforementioned diagonal wiring layers, in cases where 
one of the aforementioned two wiring lines induces noise in the other wiring line'. 

[Claim 21] The semiconductor integrated circuit wiring method described in Claim 20 which is 
characterized by the fact that the aforementioned semiconductor integrated circuit wirins method 
further includes 

a step of inserting buffer cells in the wiring path of the aforementioned diagonal wiring layer that 
is used as the aforementioned replacement. 

[Claim 22] A cell layout method for laying out cells in a semiconductor integrated circuit- 
said cell layout method being characterized by the fact that it includes 
a step of forming standard wiring layers in the X-Y direction comprising m layers (//,>?) of 
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wiring in which the mil layer (n>2) wiring and the (/i-l)th layer wiring cross each other 
perpendicularly, 

a step of forming diagonal wiring layers which comprise the (w+l)th layer wiring and the 
(///+2)th layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard wiring layers at an angle of 45° or 135°, and in which the line pitch between the wiring 
lines of the (m-hl)th layer and between the wiring lines of the (w+2)th layer is set at V2 times the 
line pitch between the wiring lines of the respective layers of the aforementioned standard wiring 
layers, and 

a step of laying out cells comprising a plurality of unit elements according to a specified cutting 
method which uses X-Y direction cut lines corresponding to the wiring direction of the 
aforementioned standard wiring layers and diagonal-direction cut lines corresponding to the 
wiring direction of the aforementioned diagonal wiring layers. 

[Claim 23] The semiconductor integrated circuit wiring method described in any of Claims 16 
through 22 [sic] which is characterized by the fact that the aforementioned semiconductor 
integrated circuit wiring method further includes 

a step of establishing first paths formed by bringing close to each other wiring lines of the 
aforementioned diagonal wiring layers from points 1 and 2, 

a step of establishing second paths formed by bringing close to each other wiring lines of the 
aforementioned diagonal wiring layers from points 3 and 4, 

a step of forming unit wiring patterns which are configured by connecting the aforementioned 
first paths and the aforementioned second paths by means of the wiring of [one of) the 
aforementioned standard wiring layers, and 

a step of forming tree-shaped wiring paths, which supply clock signals to cells made up of the 
aforementioned plurality of unit elements, by combining the aforementioned unit wiring patterns. 

[Claim 24] A semiconductor integrated circuit wiring method for wiring elements of 
semiconductor integrated circuits; 

said semiconductor integrated circuit wiring method being characterized by the fact that it 
includes 

a step of forming standard wiring layers in the X-Y direction comprising m layers {m>2) of 
wiring in which the /7th layer (n>2) wiring and the (/?-])th layer wiring cross each other 
perpendicularly, 

a step of forming diagonal wiring layers which comprise the (;;/+l)th layer wiring and the 
(m+2)th layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard wiring layers at an angle of 45° or 135°, and in which the line pitch between the wiring 
lines of the (;//+I)th layer and between the wiring lines of the (m+2)th layer is set at V2 times the 
line pitch between the wiring lines of the respective layers of the aforementioned standard wiring 
layers, 

a step of making connections from a PLL (Phase Locked Loop) located in the corner of the chip 
to the central region of the chip using the wiring of the aforementioned diagonal wiring layers, 
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and 



a sicp of making hierarchical connections from (he aforementioned central region of the chip to 
the aforementioned [sic] nip-flop circuits in the aforementioned chip via buffer cells, so that the 
RC product is balanced. 

[Claim 25] A semiconductor integrated circuit wiring method for wiring elements of 
semiconductor integrated circuits; 

said semiconductor integrated circuit wiring method being characterized by the fact that it 
includes 

a step of forming standard wiring layers in the X-Y direction comprising m layers (,„>?) of 
wiring m which the nih layer („>2) wiring and the („- J)th layer wiring cross each other 
perpendicularly, 

a step of forming diagonal wiring layers which comprise the (,,,+ J )th layer wirin« and the' 
(«i+2)lh layer wiring that cross each other perpendicularly, which cross the aforementioned 
standard wring layers at an angle of 45° or 135°, and in which the line pitch between the wiri„o 
lines of the („,+ ] )th layer and between the wiring lines of the („ )+ 2)th layer is set at V> limes the 
me p,tch between the wiring lines of (he respective layers of the aforementioned standard wirin- 
Jayers, e 

a step of forming SRAM circuits which use wiring of the aforementioned standard wiring laves 
for their internal wiring, and c - 

a step of forming on the aforementioned diagonal wiring layers the wiring that passes over the 
aforementioned SRAM circuits. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The present invention relates to a semiconductor integrated 
circuit apparatus, semiconductor integrated circuit wiring methods and a cell layout method 
which involve multi-layer wiring structures. In particular, it relates to semiconductor int led 

u t, and sem.conductor integrated circuit wiring technology for achieving reduced circu 
delay and unproved no.se res.stance in semiconductor integrated circuits in which winn* layers 

~ wlSr rcCti ° n Wi ' ing gddS - — "™ constituting^ ^ 

[0002] 

[Prior Art] In the conventional multi-layer wiring structure for LSIs 4 of the standard cell type or 
the gate array type, a method was adopted of building up, one upon the other, wiring 1 ' 
wh,ch crossed perpendicularly. Specifiea.ly, it was a structure in which the f rs lav" d ■ 
second layer crossed perpendicularly, the second layer and the third .aye! ^ crossed ' 

■' Transla.or s nolo: the term "LSI" is used as a tangible noun. 
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perpendicularly, and, in the same way, the (n-l)Lh layer and the nth layer crossed 
perpendicularly. In a multi-layer wiring structure of this type, in which each layer crossed 
another perpendicularly, in the case of connecting two points in a diagonal direction, it became a 
matter of connecting points which are separated by Euclidean distances. Therefore, the length of 
wiring required was V2 times the direct distance or longer. Consequently, multi-layer wiring 
structures of the perpendicular crossing type resulted in overhead, both in terms of degree of 
integration and delay characteristics. 

[0003] However, when designing LSI wiring on the computer, wiring methods using 
perpendicular coordinates are easier in terms of their algorithms. For this reason, when working 
on computers for wiring design, the above-mentioned overhead was ignored. 

[0004] However, with the progress toward finer circuit structures, the delay component caused 
by the wiring structure has come to influence the overall performance of circuits. Therefore, it 
has become impossible to ignore the overhead resulting from lengthening of the aforementioned 
wiring length. 

[0005] Specifically, in the first place, the delay component caused by wiring resistance accounts 
for the majority of the critical path delay. Thus, the effect that wiring length has on circuit 
performance has increased. 

[0006] Second, the composition of load capacitance caused by the wiring is such that the 
coupling capacitance between adjacent wiring lines is more of a controlling factor than 
capacitance relative to the substrate. For this reason, the issue of how to reduce the capacitance 
between adjacent wiring lines has become an important factor in increasing circuit performance. 

[0007] Third, mis-operation due to coupling noise caused by coupling capacitance between 
these adjacent wiring lines has become of more concern. Particularly in conventional wiring 
structures in which all wiring lines crossed perpendicularly, in cases where there was a mutual 
effect between adjacent wiring lines running parallel in the same layer, even if the wiring [paths] 
were changed to another wiring layer, the lines would still be running parallel above and below. 
For this reason, reducing the coupling capacitance between wiring lines running parallel in the 
same layer is difficult. 

[0008] In relation to multi-layer wiring structures of the type in which lines cross 
perpendicularly, wiring techniques have been proposed which, in addition to [having] the 
perpendicularly crossing wiring structure, use wiring in a diagonal direction (45° or 135°) to 
shorten wiring lengths. For example, Japanese Patent Application Kokai No. H5- 102305, 
"Automatic layout method for semiconductor integrated circuit," discloses this diagonal- 
direction wiring technique. [Here,] this prior art is described. 

[0009] Figure 28 is a layout diagram which shows the wiring grid structure of a semiconductor 
integrated circuit apparatus based on prior art utilizing such diagonal-direction wiring. 
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[0010] This wiring structure is a structure in which diagonal-direction wiring grids are formed 
as separate layers above layers forming perpendicular coordinates. 401 in Figure 28 is the wirino 
grid of a first layer, and as a layer above it, the wiring grid of a second layer 402 is 
perpendicularly formed. Additionally, formed above these layers are the wiring grid of a third 
layer 403 with a 45° diagonal direction relative to the first layer 401 , and the wir.n« arid of 
fourth layer 404 with a 1 35° diagonal direction relative to the first layer 401 

[001 1] However, this prior art multi-layer wiring technology utilizing diagonal-direction wirino 
has the following problems: ' a 

[0012] (I) With prior art multi-layer wiring structures, because they simply provide wirin« 
grids in the diagonal direction, there is the problem that the grid points can shift. Specifically as 
shown ,n Figure 29, (he grid point of the first layer 401 and (he second layer 40? is 501 while ' 
the grid point of the third layer 403 and the fourth layer 404 is 502. When a via hole from the 
fourth layer 404 to the third layer 403 is placed in this case, it is positioned at the grid point 5<P 
Meanwhile, when a via hole from the third layer 403 lo the second layer 40? is placed it is " " 
posmoned at the grid point 501. However, when these grid points 502 and 501 are nearby it is 
not po.ss.ble to place the via holes. For this reason, it becomes necessary to place the via hole in 
another position. Thus, wiring design becomes complicated clue to shifting of grid points ' 
between the .strata of the upper-layer diagonal wiring grids (i.e., the third layer 403 and the fourth 
lay.- 404) and the lower-layer X-Y wiring grids (i.e., the first layer 40. and the second layer 

[001 3] (2) The resistance of the diagonal wiring layers of the upper layer is similar to thai of the 
wring layers of the lower layer. For this reason, even by using diagonal wiring layers in e 
upper layer, RC delay originating in the wiring is no, reduced. Here, RC delay is Td e to 
the .esrstance component R and the capacitance component C. Therefore, eve" usin* di u o a 
wjnng gnds m the upper layer, it is not possible to create a wiring structure which is su ^b Tor 
global wiring connecting long distances. 

an doe., no, use a configumion which simultaneously makes w.rina ^7*1 P 
reduce ,he abandoned wi„„ g hue ,es,s,a„ce. Fulel ^ el el I " Ca " n0 ' 
eapaenance of adjacen, wiring „ no, .educed, il is not po.ihie ,o reduce ,he RC^ „ f t he 



9 



Japanese Patent Application Kokai Number: 2000-82743 



[0015] (4) The shape of via holes in the prior art is defined as a rectangular shape. However, in 
cases of connecting wiring lines other than those which intersect each other perpendicularly — in 
other words, in cases of connecting wiring lines which intersect diagonally — using rectangular 
via holes, it is not possible to ensure sufficient surface area for the cut. Consequently, the 
resistance to electro-migration phenomena which cause wiring failure is inadequate. 

[0016] (5) The relationship between the definition of cell rows formed by laying out logic cells 
in a row pattern and the definition of diagonal wiring grids is not clear. For this reason, it is 
evident that, for example, in the case where two wiring layers which cross perpendicularly and 
two diagonal wiring layers — for a total of four wiring layers — are defined, wiring resources 
positioned parallel to cell rows are inadequate. Concerning this point, a technology which solves 
the aforementioned problem of lack of wiring resources by defining two diagonal-direction 
wiring layers on top of three wiring layers that intersect perpendicularly is disclosed in Japanese 
Patent Application Kokai No. H5-243379, "Semiconductor integrated circuit apparatus." 
However, this technology requires five wiring layers and thus leads to the problem of increased 
cost 

[0017] (6) Within the same wiring layer, it is not possible to reduce crosstalk noise which 
causes mis-operation of circuits. In prior-art wiring structures comprising diagonal wiring grids, 
there are no cases of layering on top of one another wiring layers having the same wiring 
direction. Therefore, the coupling capacitance between wiring lines of the upper and lower 
wiring layers is reduced; consequently, the problem of crosstalk noise between upper and lower 
wiring lines is solved. Within the same wiring layer, however, different wiring lines are laid 
parallel [to each other], so that coupling capacitance between adjacent wiring lines cannot be 
reduced. Specifically, with the conventional diagonal wiring grid technology, it is not possible 
to remove the crosstalk noise which occurs between two wiring lines running parallel within the 
same wiring layer. 

[0018] (7) To provide wiring for power supply, the conventional diagonal wiring grids are 
inadequate. For example, in cases where a pad is configured in the core area of a chip which 
makes up a combination circuit, it is possible to use a part of this pad for power supply. 
(Incidentally, as opposed to this core area, the peripheral region where the I/Os of the chip are 
laid out is called the "I/O area.") In this case, it is possible to use the upper diagonal wiring grid 
layer as auxiliary wiring for the power supply. In the case of such a structure, the conventional 
diagonal wiring grid structure is a structure which has a wiring line pitch or wiring line width 
unsuitable for configuring wide-width wiring. For that reason, such a structure is not suited to 
the effective utilization of the upper diagonal wiring grid layer for power supply. 

[0019] (8) Because the wiring length of the wiring lines which supply clock [signals] from the 
PLL (Phase Locked Loop) to the flip-flops within the chip is long, delays are increased. 
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(0020] To avoid degrading ,hc characteristics of the analog circuit built into the chin „ p, , 
, no„™„ y positioned in the con,,- „ f te chip , and wMa ^ m ^ ~ ; ^i 
Hop. Because of , has, even in the shor.es, ease, it is necessary to run wirin. Jl ' „. T 
almost half the perimeter of the chip. Consequently, along whh m 22 i„ ,t f 
uegat, ve imp „c, on the dr„ y ratio of the cioch due ,o the increase in ZZ^J^Z 

wiring hues. Consequently, circuit I n"' '° 

mother prior M which uses these "throuah line," , a, Z 1 ' F " r " ,e '™ re ' ««« * 

liZr <~ H — ' - — - are 

[0022] 

[Problems to Be Solved bv the Jnvpminnl ti,„ „ 

aforementioned problen,, oj tL p^™ ^ mVen "°" "'^ '° «"« «« 

[0023] Furthermore, its object is to provide a semiconductor integrated circuit and a 
semiconductor mtegra.ed circuit wiring method which make it nossilj ,„ ' 
characteristics and noise resistance of circuits, ,„ J a h wt> e iZIZ H ^ 
fabrication cost, through use nfrlhonnni ■ • , g g and t0 IedL,ce He 

■■^^^ 

addition ,o wiring grids the, cross perpendicularly in *he xly direction ' " CC "° n 
[0024] 

apparatus, * - W [said 

[ii] standard wiring layets which are form,/*! P * ° f """ Clcmen!s arc fo ' 

-ndard wiring gl fn the X-V Z^^ZX?*** ?*» ^ ^ *•* 
W wiring and the („-l„l, layer wirnm cross f n 8 Which the " ,h la >' er 

wiring layers which a e positio^d Ze he "r P-=rpend lcuiarIy . „, pjjj diagona| 

form, by the („, +1)th ^ ^^1^°" >°>™ ^ *W* 

perpendieulariy, d.agona, wiring g * t " , ^ ^ °' ta 

angle of 45= or 1 35"; (b) the lint pi eh b vee„ , ^T^ 0 ^ ""'"^ W """° ^ « ™ 
the wiring lines of the (™ + 2>l WfcT,? ThIT * ( '" +, " h °" d b — 
times the line piteh between the whim 11 , " '"S^' *« is «■ " VS 

w.,m 0 l,ne.s of the respecrivc layers of (he aforementioned 
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standard wiring layers; and [c] the wiring line width of the (/?/+I)th layer and the wiring line 
width of the aforementioned (m+2)th layer of the aforementioned diagonal wiring layers are set 
at V2 times the wiring line width of the respective layers of the aforementioned standard wiring 
layers. 

[0025] Furthermore, another special feature of the present invention is the fact that the wiring 
film thickness of the aforementioned diagonal wiring layers is set at ^2 limes the wiring film 
thickness of the aforementioned standard wiring grids. 

[0026] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned standard wiring layers and the aforementioned diagonal wiring layers form 
wiring channel regions, and [b] said wiring channel regions are formed in a direction parallel to 
the cell rows which consist of rows of logic cells made up of the aforementioned unit elements. 

[0027] Moreover, another special feature of the present invention is the fact that [a] via holes for 
wiring connection are provided at the intersections of the wiring of the aforementioned standard 
wiring layers and the wiring of the aforementioned diagonal wiring layers, and [b] the cross- 
sectional shape of these via holes is a hexagon, octagon, or parallelogram. 

[0028] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned plurality of unit elements form cells, and [b] said cells have obstacle regions 
which are defined as a pattern following the wiring direction of the aforementioned diagonal 
wiring grids and in which wiring cannot be done. 

[0029] Moreover, another special feature of the present invention is the fact that a part of the 
wiring of the aforementioned diagonal wiring layers is configured as power supply wiring for 
supplying power. 

[0030] In addition, another special feature of the present invention is the fact that [a] the 
aforementioned plurality of unit elements form cells consisting of the aforementioned plurality of 
unit elements, [b] said cells are supplied clock signals through tree-shaped wiring paths, and [c] 
said tree-shaped wiring paths are formed by combining unit wiring patterns which are formed by 
connecting, through the wiring of [one of] the aforementioned standard wiring layers, [i] a first 
connection made by paths formed by bringing close to each other wiring lines of the 
aforementioned diagonal wiring layers from points 1 and 2, and [ii] a second connection made by 
paths formed by bringing close to each other wiring lines of the aforementioned diagonal wiring 
layers from points 3 and 4. 

[0031] Furthermore, another special feature of the present invention is the fact that [a] the 
aforementioned semiconductor integrated circuit apparatus further comprises upper wiring layers 
which are positioned above the aforementioned diagonal wiring layers, which form upper wiring 
grids by the (p-l)ih layer Q?>2) wiring and the /;th layer wiring that cross each other 
perpendicularly, and which cross the aforementioned diagonal wiring grids or the (/;-2)th layer 
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,nn g a an angle oM5°or 135", [b] .he line pitch bcween ,l,e wiring lines of to respecive 
layers ol S a,d upper wiring layers is set a, V 2 times the line pi,ch between the wiring i„« of the 
respee ve layers of the aforementioned diagonal wiring layers or the line pitch of ti e winn" 
lines of satd fr,2>,h layer wiring, and [c, the wiring line width of the respective foyer, „ aid 
upper w,r,„g layers is set a, V2 ,in,es the wiring line width of the wiring of the respective 1,1, 
of the aforementioned diagonal wiring layers or the wiring line width of said cr 
wiring v tajui 

o 

(0032) Furthermore, another special feature of the present invention is the fact that the 

the d,i ' SOna ' Wiri " 8 ' ayCrS C ° mPriSe **« «*« «»* across eLually 

[0033] Moreover, another .special feature of the present invention is the fact that in the 
uforemennonee, standard wiring layers, local wiring other than the aforementioned gL wiring 

[0034] Moreover, another special feature of the present invention is the fact that hi the 
aioreme„„oned plurality of unit clement., form cell.,, and (bl said cell, have a 
pattern « all ^ ,„ ^ , J ™ ^ - 

layets ,„ ca.se, where dtrec, connection ,„ the aforementioned global wiring is „ 

[0035] In addition, another special feature of the present invention i, the fact that f a, ,h, 
aforemenuoned .semiconductor integrated circuit apparatus further comp a "n n„ - 

assessr* a=a 

[0036] Moreover, another special feature of the present invention is the fact tin, la, „ 

aforementioned semiconductor integrated circuit ann r „ W 

which use wiring of the ^^^ZX^Z^T 

-wiring pa., g ovc „ said SRAM circuit, is wired J S^ZZ^St^ 

and third layer wi ri „ s of lhc ^^2^^^"? !? *.«- ^ ^ 
parallel to the cell rows which consist nf m „ r, g 7 ° Jaid 0Ut in a directi °n 

elements. ^ ° f ° n °^ ce,,s ™de up of the aforementioned unit 

5 Wording unclear in [he original - Translator. 
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[0038] Furthermore, another special feature of the present invention is the fact that the 
aforementioned standard wiring layers are composed of two layers. 

[0039] Likewise, another special feature of the present invention is the fact that it provides a 
semiconductor integrated circuit wiring method for wiring the elements of a semiconductor 
integrated circuit; said semiconductor integrated circuit wiring method being characterized in 
that it includes [a] a step of forming standard wiring layers in the X-Y direction comprising m 
layers (m>2) of wiring in which the nlh layer (n>2) wiring and the (;?-I)th layer wiring cross 
each other perpendicularly, and [b] a step of forming diagonal wiring layers [i] which comprise 
the (/;?+l)th layer wiring and the (/«+2)th layer wiring that cross each other perpendicularly, [ii] 
which cross the aforementioned standard wiring grids at an angle of 45° or 135°, [iii] in which 
the line pitch between the wiring lines of the (/??+! )th layer and between the wiring lines of the 
(i//+2)lh layer is set at V2 times the line pitch between the wiring lines of the respective layers of 
the aforementioned standard wiring layers, and [iv] in which the wiring line width of the (/;/+! )th 
layer wiring and the (wi+2)th layer wiring is set at ^2 times the wiring line width of the 
respective layers of the aforementioned standard wiring layers. 

[0040] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes [a] a step of 
extracting from wiring nets formed by the aforementioned standard wiring layers [any] wiring 
net(s) which generate(s) a delay exceeding the specified delay time, and [b] a step of inserting a 
signal-amplifying buffer cell in a position over said extracted wiring net(s) in which this buffer 
cell can be connected to the wiring of the aforementioned diagonal wiring layers. 

[0041] Furthermore, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes [a] a step of 
defining cells which are made up of the aforementioned plurality of unit elements, and [b] a step 
of defining in said cells an obstacle region where wiring cannot be done as a pattern which 
follows the wiring direction of the aforementioned diagonal wiring layers. 

[0042] Furthermore, another special feature of the present invention is the fact that in the 
aforementioned step of defining an obstacle region, the aforementioned (/??+l)th layer wiring or 
the aforementioned (m+2)th layer wiring is laid out near the corners of that region. 

[0043] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes a step of 
replacing a specified portion of one of two parallel wiring lines in the same layer (among wiring 
lines of any of the aforementioned m layers of the aforementioned standard wiring layers) with 
wiring of [one of] the aforementioned diagonal wiring layers, in cases where one of the 
aforementioned two wiring lines induces noise in the other wiring line. 

[0044] Moreover, another special feature of the present invention is the fact that the 
aforementioned semiconductor integrated circuit wiring method further includes a step of 
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inserting buffer cells in the wiring path of the aforementioned diagonal wiring ,ay CT , hal h UK£d 
as the aforementioned replacement. 

[0045] Likewi.se, another .special feature of the present invention is the fact tha, it provides , cell 
layout method for aymg „„, cells in a .semiconductor integrated circuit; .said cel, iayou m , „d 
bem charactered ,„ tha, it includes [a] a step of forming standard wiring layers in ,„ X Y 
dtr on comprtsntg „, inyers „„>2, of wring in which the mh iaver ( „>1) wL and he 

I yera [,] wh.ch comprise the layer wiring and the (,„ +2) ,h layer l ir JZ ™Lc h 

o e,- perpendtcniarly [ii, which cross the aforementioned .standard wn ing ,a /rs „ t e 

Hnea of the respective layers of the iem^ ^^t^^^ 
laying out cells comprising a plurality of unit elements acoordin. to a „ cifi"d » P , 
wlttoh uses X-Y direction cu, lines corresponding to the wirin di Z ' ^ 

■standard wiring inyers unci diagonal-direction cu, lines eorresnond Z m,,, ^ ^T^' 0 ""' 
the aforementioned diagonal wiring layers. ™"«P<>..d,ng ,o ,l,= w,,mg dnection of 

[0046] Moreover, another .special feature of the present invention K ,|, e fac , , lla( th . 
oremenuoned semiconductor integra.ed circuit wiring method further i e ]' , n s, CD 0 r 

■ .abb, ,„g firs, paths formed by bringing close ,„ each other wiring fine" o h I n ' n 
d.agonnl wiring layers from points I a „d 2, [b] a stcn of establish 1 n < •" 0lemenll0 " ed 
Ringing o,o.se to encb other wiring lines of the ^CtS^ * 
3 and 4, [o] . stC p of forming unit wiring pal ,e, m wllicl , m confl „ J " T ^ 

aforementtoned first paths and the aforementioned second oaths bv 1, r °" neC " n « ll,e 
of] the aforementioned standard wirino Inyers ■„ d M , s 1 r r * W '™ g °< (one 



[0047] In addition, another special feature nf Mm n,-^.,, • • • 

semiconductor integrated eireni, *~ ' 

integrated circuits- said semirvwi,,^ ■ , , ° eJeme,Us ol semiconductor 

layers (m>2) of wiring in wbich the nth l™, , s,? " CC " on "^Prising m 

each other perpendic, arty at o formi ^ "* ( '" 

(» + D.I. layer wiring m h ^ ' 8 "7"°' wui "« « •*«* comprise the 
which cross the nforementioned t, a H T ? ^ °" ,e '' P='T=ndiculari y , fii) 

which the fine pitch ^T^ Z^ZZtZ T "T °' >"< " 
of the („, + 2„h layer is se, a, V 2 times ,h ine r, tch ' W "" W ™ S lines 

layers of ,he aforementioned .standa, , w ri ^ ° f "' e ~'« U » 

- ,hnse UCed Uop, ioeated in the -^^.C^SlX U 
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"eludes W . «p of formi „ s ' ' ; " rod "*-« in thal i, . 

(»^, of wiring i„ which , he „ m , ^X^^,*™** ""PiMng ,„ , ayei , 
perpendieu.arly, t b) a step of f orra i„g d ag0 a .f t r W ™ S C '™ «* o*r 

-nn, and the (,„ + 2„h , ayei . wiri ma , ero ^« Z„ " M ( "' + '><" 'a y er 

abandoned sl a„da,d wiring h as uTj^^^' **» «"» * 
between the wiring ,,„e S ofu , e ( ^ 45 °" 3; > ■ ""d m which ,hc line pi,ch 

" « « * time., ,he line nilch Lean £ i „ "r™ 8 ° f «* ^ Layer 
arorcmenl,oned .standard wiring layer, f c l , st ' t respecllve la >"« of die 

«* aforementioned .v.andard w i„I,^2 ' f which use wiri„. of 



[0049] 



[Working Configurations of the Invention! r„i„, 

i-gnue d circuit and -iconduc^ ^ ° f >~»«o 

« cle,cnbec, in detail wi* reference to fa ~ ° f «■» P-m invents 

f0050j First Working Configuration 

^tXt^ZX^Z r - - *r and a 

r " KS ? Sta " dard «*» « an a I o 5= 0 :! 3 ° 5 n : 7 n f 8ridS - P-ided whie 

wiring and a fourth layer wiring mat ° ° ,, 01 135 and wl "eh are formed by a ihird liver 

«- lines of d,e third I^^ZZ^T'T^ ^ ^ 
'« width of t he.se diagona, wi rmg grids " of the fourth )ayeras lve|| „ 

£ standard wiring g rid , As . _ ; „ £ ™ «ta iine piteh of the wiring , ines 0 

RC de ' ayS are "*»«. - «*. -istanee i^T"*"*™- "» «« Mgft is shortened, 

Rgore 2 „ a plan view whieh shows one exal L of 8 COnli * urali oo of the present invent! 
•mplementing wiring based 0 „ , ' ,, """" 8 S "™ Ure fo ' •»» case of 
a*d.o„, F i gl „, 3 „ . cross . sec , iona| £ oo ue,,eh as that shown in Rgure ,„ 
u * Jln e a-A in Figure 2. 

f ' Transl;i ^ 



16 



Japanese Patent Application Kokai Number: 2000-82743 



[0052] As in the conventional technology of Figure 28, the wiring structure of the first working 
configuration comprises wiring grids in which the wiring of the first layer and the second layer" 
crosses each other perpendicularly, and in which the wiring of the third layer and the fourth layer 
crosses each other perpendicularly, as shown in Figure I. Specifically, the grids are positioned 
so that the third layer and the fourth layer cross the first layer at 45° and 135° respectively. 

[0053] I in Figure 1 is the wiring grid of the first layer, and, formed as the layer above it and 
crossing it perpendicularly, is a wiring grid 2 of the second layer. Moreover, a wiring grid 3 of 
the third layer which is at a 45° diagonal direction in relation to the wiring grid J of the°first layer 
and a wiring grid 4 of the fourth layer which is at a 135° diagonal direction in relation to the 
wiring grid J of the first layer are positioned in sequence. 

[0054] Here, the first working configuration is such that the line pitch between the wiring lines 

of the third layer wiring 3 and between the wiring lines of the fourth layer wiring 4, both of 

which are laid out in the diagonal direction, is set wider than [the line pitch] between the wiring 

lines of the first layer wiring 1 and between the wiring lines of the second layer wiring 2. In 

concrete terms, the line pitch between the wiring lines of the third layer wiring 3 and between the 

wiring lines of the fourth layer wiring 4 is set at V 2 limes the line pitch (k) between the wirine 

lines of the first layer wiring I and between (he wiring lines of the second layer wirin" o (i e \'2 
• o ■ 

[0055]^ Consequently, between the strata of the upper-Jayer diagonal wiring grids 7 (the third 
layer 3' s and fourth layer 4) and the lower-layer X-Y wiring grids 9 (the first layer 1 and second 
layer 2), shifting of grid points can be avoided. As a result, it is possible to facilitate the wirim- 
design. Specifically, via holes between the second layer and the third layer can be positioned at 
the grid intersections of the first layer and the second layer, so that it is possible to use adjacent 
grids in the wiring of the first layer or the second layer. 

[0056] In addition, in the first working configuration, with the line pitch (V2 » X) the wirino line 
width of the third layer wiring 3 and the fourth layer wiring 4 which are laid out in a diagonal 
direction is set wider than [the wiring line width] of the first layer wirino ] and the seco *, , 
wiring 2. In concrete terms, as shown in Figure 2, the wiring line width of the third layer wirin« 
3 and the fourth layer wiring 4 is set at <2 times the wiring line width (d) of the first layer wirir* 
1 and the second layer wiring 2 (i.e., V2 - d). As described above, because the line pitch of the ° 
third layer and the fourth layer is V 2 times as wide, line spacing indicated by p in Fio Ure 9 does 
not v.olate any design rule. Consequently, it is possible to increase wiring line width without 
contradicting any design rules. 



' Translator's noic: The original erroneously 
' Translator's note: The original erroneously 
' Translator's note: The original erroneously 



reads "the upper-layer X-Y wiring grids." 

reads "die third layer 4." 

reads "Hie lower-layer diagonal wiring grids." 
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[0057] In the example shown in Figure 3, the first layer wiring 1 is first laid out in the vertical 
direction, then the second layer wiring 2 is laid out in a direction perpendicular to it. [Then J in a 
diagonal direction relative to these [layers], the third layer wiring 3 and the fourth layer wiring 4 
are laid out. J 2 in the figure is a via hole positioned between the first layer wiring 1 and the 
second layer wiring 2. 13 is a via hole positioned between the second layer wiring 2 and the 
third layer wiring 3. Furthermore, 14 is a via hole positioned between the third layer wiring 3 
and the fourth layer wiring 4. 

[0058] In the first working configuration, assuming the characteristics of the aforementioned 
wiring line pitch and wiring line width, the wiring film thickness of the third layer wiring 3 and 
the fourth layer wiring 4 which are laid out in the diagonal direction is set greater than that of the 
first layer wiring 1 and the second layer wiring 2. In concrete terms, as shown in Figure 3, the 
wiring film thickness of the third layer wiring 3 and the fourth layer wiring 4 is set at \'2 limes 
the wiring film thickness 10 (t) of the first layer wiring I and the second layer wiring 2 (i.e., \'2 0 
i j. Furthermore, 10 in Figure 3 is the semiconductor substrate on which transistors are formed, 
and I I is an inlcrlayer insulating film. By using the aforementioned structure in which the 
wiring line width and wiring film thickness of the third layer and the fourth layer are set at V2 
limes those of the first layer and the second layer, the cross-sectional area of the wiring lines of 
the third layer wiring and the fourth layer wiring becomes twice the cross-sectional area of [the 
wiring lines of] the first layer wiring and the second layer wiring, as shown by the following 
formula: 

[0059] V2xV2 = 2 

Because of this, the wiring resistance for each unit of length becomes 1/2 that of the wiring lines 
of the first layer and the second layer. Meanwhile, the area facing the adjacent wiring lines also 
becomes V2 times greater. However, because the spacing between adjacent wiring lines 
becomes V2 times greater as well, the capacitance between adjacent wiring lines in the third layer 
wiring and the fourth layer wiring is the same as the capacitance between adjacent wiring lines in 
the first layer wiring and the second 11 layer wiring. Because the wiring resistance is 1/2 and the 
capacitance between adjacent wiring lines is the same, the RC delay of wiring line per unit of 
length becomes 1/2 that of the wiring lines in the first layer and the second layer. The wiring RC 
delay refers to the delay caused by the resistance component and the capacitance component of 
the wiring. 

[0060] As described above, according to the first working configuration, the line pitch between 
the wiring lines of the third layer wiring and between those of the fourth layer wiring is set at \'2 
times the line pitch between the wiring lines of the first layer wiring and between those of the 
second layer wiring. As a result, it is possible to avoid the shifting of the grid points between the 



Translator's note: ihc original erroneously reads "the wiring line width." 
11 Translator's note: the original erroneously reads "first. " 
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strata of the upper-layer diagonal wiring grids and the lower-layer standard wiring grids and to 
facilitate the wiring design. 

[0061] Furthermore, because the wiring line width is also set at V 2 times greater, the RC delay 
of the wmng can be reduced. Moreover, because the wiring film thickness is also set at V? times 
greater, the RC delay of the wiring can be even further reduced. As a result, a great effect "can be 
obtained from the standpoint of increasing the operating speed of circuits with relatively Ion* 



[0062] Second Working Configuration 

In ,he second working configuration, in a multi-iayer wiring 5 ,„,cu, rc using thc diaaom „ 

ds „, the firs wotttng configuration, repeal cells (buffer cells) are additionan/in^ed ° 
h w ru,g, rest, lung ,„ a working configuration which prevents the occurrence of Ln« 0 
clue to wiring delays. " UIUIi 

(0063) Figures 4 (a), (I,), (c, „„ d (d, are diagrams showing the process of insertin. repeater cells 
n the second worturg configuration. Figures 5 W and <b, are diagrams for exp^inl e 
., tng delay. Usmg Figure 4 and Figure 5 for reference, u» process of inserti u re eat cuds in 
the second working configuration is described in concrete terms. 

[0064] Firs,, by using only ,| le fi,,, layer and the second layer, all of the nets are wired only with 
the X-Y dtrecon w.nng. Next, using a simulator, the delay is analyzed, and any nets Z are 
caustng ,,m,„g errors are extracted. In regard to these extracted nets, ,„e is 

[0O65J Specifically, for the nets which have caused timing errors, repeater cells are inserted As 
to the posmons where these repeater cells are insetted, the repeater cells an- in,, , 
where connections can he made to wiring in the diagona, di Z ^ ltd Z™7 
^fourth layer. The wiring length can he shortened with the use oLZZ^lZ Cth 

the example of Figure 4 (a). X-direction wiring 23 is fi „ id n' d the r 

repeater cell 20, diagonal wirinu 25 is used t„ ,n , ' ^ lns """S lhe 

« ** inserted.'andrafier usm ^ Id I ^ "* ">~ 20 

■he example of Figure 4 (c), £ Renter cell ^" 7 ™ x'7 d " 

is used, diagonal-direction wiring 46 is used. X-dtreclton wmng 45 

n!d7c!I^ 
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and the cell 22 which performs signal inputting. Comparing the examples of Figure 4 (a) and 
Figure 4 (b), the delay between the cell 21 and the repeater cell 20 is less with the example of 
Figure 4 (b) than with the example of Figure 4 (a). In contrast, the delay between the repeater 
cell 20 and the cell 22 is Jess with the example of Figure 4 (a) than with the example of Figure 4 
(b). As to which example reduces the actual delay, it depends on the transistor size in the cell 21 
and the repealer cell 20. Consequently, in general, it is necessary to analyze the delays for all of 
the conceivable combinations and to make a final decision as to how to use the insertion position 
and wiring direction of the repeater [cell]. The example of Figure 4 (c), however, clearly has a 
greater delay than the other examples. 

[0068] Concerning wiring line width, according to the Elmore " formula for calculating wiring 
delay, the approach of making the wiring line width gradually narrower, [as the line moves 
away] from the signal-outputting cell, shortens the wiring delay. Specifically, the approach of 
first using a broader line width 63 and then transitioning and using a narrower line width 64, as 
shown in Figure 5 (a), results in a shorter wiring delay than the approach shown in Figure 5 (b) 
of first using a narrower line [width] 73 and then transitioning and using a broader line width 74. 

[0069] Because diagonal-direction wiring is \'2 times wider than wiring running along the X and 
Y axes, the approach of first using diagonal-direction wiring, then transitioning and using wiring 
in the X or Y direction results in shorter wiring delays than with the approach of first using X- or 
Y-direction wiring and then transitioning and using diagonal-direction wiring. In other words, it 
can be understood that the example of Figure 4 (b) results in a shorter wiring delay than the 
example of Figure 4 (c). 

[0070] Consequently, when using diagonal wiring, the rules for inserting repeater cells can be 
set as follows: 

[0071] (1) Connect the diagonal wiring to the wiring near the signal output terminals. 

(2) With signal output terminals, connect the diagonal wiring. 

(3) Use diagonal wiring for the wiring near the signal output terminals of the repeater cell. 

(4) Connect diagonal-direction wiring to the signal output terminals of the repeater cell. 

(5) Position repeater cells in positions where diagonal wiring can be connected to signal output 
terminals. 

[0072] If the above rules are followed, the structure of the repeater cells can be specified as 
follows: 

[0073] (1) Form signal input terminals so that they can be easily connected to the wiring in the 
X-Y direction. Specifically, form the signal input terminals in the first layer. 
(2) In addition, form signal output terminals so that they can be easily connected to the wiring in 
the diagonal direction. Specifically, form the signal output terminals in the third layer. 

12 Spelling uncertain - Translator. 
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[0074] As described above, according to the second working configuration, in order to prevent 
the generation of timing errors due to wiring delays, when repealer cells are inserted in the 
wiring nets to relay and amplify a signal, diagonal wiring grids are used, and repeater cells are 
inserted in positions where they can be connected to these diagonal wiring grids. Therefore, the 
repeater cells can be inserted under the optimum conditions, and shorlening°of wiring length and 
further reduction of wiring delay is possible. 

[0075] Third Working Configuration 

The third working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations resolves 
the lack of wiring resources in the direction of the cell row by providing a wiring channel in a 
direction parallel to the cell row. 

[0076] Figure 6 is a layout diagram showing a semiconductor integrated circuit structure 
according to the third working configuration of the present invention. 

[0077] The semiconductor integrated circuit of Figure 6 has a plurality of cell rows 80 formed 
by placing logic cells in a row pattern. Above this plurality of cell rows 80, multi-layer wirin* is 
formed having diagonal wiring grids shown in Figure 1 . = 

[0078] In concrete terms, 1 in Figure 6 is the metal wiring of the first layer, 2 is the metal winn- 
er the second layer, 3 is the metal wiring of the third layer, and 4 is the metal wiring of the fourth 
layer. In the configuration of Figure 6, a wiring channel 85 which is formed by each of the metal 
wiring 1,2,3 and 4 ,s lormed in a direction parallel to each cell row 80. Specifically the wirin« 
channel 85 is provided in a direction parallel to cell rows 80. As a result, with a small number of 
wiring layers, [adequate] wiring resources can be ensured in (he cell row direction, which 
requires relatively more wiring resources. 

[0079] As explained above, through use of the third working configuration, the lack of wirin* 
resources in the cell row direction, which requires relatively more wiring resources can be ° 
resolved, and [adequate] wiring resources can be ensured, using a small number of wiring layers. 
[0080] Fourth Working Configuration 

The fourth working configuration is a working configuration in which, in a multi-layer wirin- 
s tructure us.ng the diagonal wiring grids of the aforementioned working configurations the * 
shape o le cut area of the via holes which connect diagonally crossing wiring lines is improved 
so that the area is not inadequate. 

[0081] Figures 7 (a), (b), (c) and (d) are each partial plan views showing the shape of 
semiconductor integrated circuit via holes according to the fourth working configuration. 
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[0082] In the case of semiconductor integrated circuits according to the fourth working 
configuration, via holes whose longitudinal areas are octagonal, parallelogram-shaped or 
hexagonal are used as shown in Figures 7 (a), (b), (c) or (d) when connecting X-Y direction 
wiring (i.e., the first layer or the second layer) with diagonal-direction wiring (i.e., the third layer 
or the fourth layer) which forms an angle of 45° or 135° with respect to the X-Y direction wiring 
in the multi-layer wiring structures having the diagonal wiring grids shown in Figure 1. By 
using via holes with such cross-sectional shapes, il is possible to make via hole cuts which have 
sufficient cross-sectional areas as required between crossing wiring layers. 

[0083] In the example of Figure 7 (a), an octagonal via hole 90A is formed at the intersection of 
X-Y direction wiring 91 and diagonal-direction wiring 92. In the example of 7 (b), a 
parallelogram-shaped via hole 90B is formed at the intersection of X-Y direction wiring 9! and 
diagonal-direction wiring 92. 

[00S4] In the example shown in Figure 7 (b), furthermore, a case can be imagined where [two] 
such via holes are [placed] unusually closed to each other. To prevent this, the hexagonal shapes 
shown in Figure 7 (c) and Figure 7 (d) are provided. In the example of Figure 7 (c), a hexagonal 
via hole 90C is formed at the intersection of X-Y direction wiring 91 and diagonal-direction 
wiring 92. Furthermore, in the example of Figure 7 (d), a hexagonal via hole 90D is formed at 
the intersection of X-Y direction wiring 91 and diagonal-direction wiring 92. 

[0085] As mentioned above, according to the fourth working configuration, the cross-scclional 
shapes of via holes which connect diagonally crossing wiring are octagonal, parallelogram- 
shaped or hexagonal. As a result, sufficient cut areas are ensured for via holes which connect 
diagonally crossing wiring. 

Fifth Working Configuration 

The fifth working configuration is a working configuration which optimally defines wiring 
regions having obstacles in a multi-layer wiring structure using the diagonal wiring grids of the 
aforementioned working configurations. 

[0086] Figures 8 (a) and (b) are diagrams showing cells or mega-cells in semiconductor 
integrated circuits according to the fifth working configuration of the present invention. 

[0087] 101 shown in Figure 8 (a) is [a structure of] cells formed of a plurality of unit elements 
or a mega-cell which combines a plurality of such cells. These cells or this mega-cell 101 is 
divided into effective regions 102 and a transistor region 103 formed by 45° lines 101a in the 
four corners as borders. In the transistor region 103, transistors and cells of lower hierarchy 103a 
are laid out. On the other hand, no transistors or lower-hierarchy cells are laid out in the 
effective regions 102 because they are provided to use the four corners of the cell effectively, for 
example, for the purpose of relieving wiring congestion (described below) occurring in the 
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vicinity of the four corners of the cell. In the descriptions of cells below, the term "cell" includes 
the aforementioned "mega-cell." 

[0088] Furthermore, as shown in Figure 8 (b), for the wiring to be laid out in the transistor 
region 103 of the aforementioned cell 101, it is preferable to use the aforementioned 45° or 135° 
diagonal wiring 113, especially in the vicinity of the four corner lines 101a. 

[0089] In this way, when designing cells or mega-cells, by creating the aforementioned effective 
regions and making a configuration which does not use the four corners, wiring obstacles can be 
defined to be in a form that follows the 45° or 135° diagonal wiring. This point is described 



next 



[0090] Figures 9 (a) and (b) are diagrams showing examples of obstacles to wirinn according to 
the fifth working configuration. In the example of Figure 9 (a), the regions of obsiacles in the 
cell 101 arc defined as a collection of small rectangles 122. Here, a "region of obstacles" is 
region lor [he purpose of defining obstacles to wiring in wiring design. 

[0091] In the example shown in Figure 9 (b), the obstacle region in the cell 101 is defined bv , 
polygon or a collection of them. Specifically, in the example shown in Figure 9 (b) in the case 
where there are two obstacle regions, they are defined by trapezoids 1 32 and 1 33 respectively 
[0092] With the example shown in Figure 9 (a), there is the difficulty in that the amount of da,, 
for CAD design becomes large. With the example shown in Figure 9 (b), in contrast the 
obstacle region can be defined by a [relatively] small amount of data. 

[0093] Figures 10 (a) and (b) are diagrams showing the effect of the fifth working configuration. 

ZZir 'If ° rd r y X " Y WirfnS 8,id m0dd ' " shown in 1 0 (a), the obstacle region 

142 w, hin the cells or mega-cell 141 is defined as a collection of rectangles which cross " 
perpendicularly. If wiring is performed perpendicularly using these cells or mega-cell ,41 the 
degree of congestion of wiring 143 in the areas near the four corners 144 increa es and this 
causes the problem that the degree of integration of the chip decreases. 

[0095] On the other hand, if wiring is done using cells and mega-cell 101 built according -o 
method of the aforementioned fifth working configuration, as sLvn in Figure 10 e 
obstacle region 152 is defined in a configuration that does not use the four corners o t cells or 
mega-cen This obstacle region ,52 can be defined as a shape which follows the dill 
wring. Therefore, the degree of congestion of wiring ,53 in the areas 154 near the 
t~ COrneiS ^ bC rCHCVed ' thC **« ^ integration of the chip is 



rn^a Ln! TT" T™' """^ * ** m ^-Uon, in the design of cells or 

mega-cells, the obstacle region is defined by shapes along the diagonal wirin* havin* 

Condon ,n which the four corner, of the ce„s or mega-cell « not used." Coi^lntly, the 
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four corners of the cell(s) can be used effectively. Furthermore, the degree of wiring congestion 
in the aforementioned areas near the four corners can be relieved, thus improving the degree of 
integration of the chip. 

[0097] Sixth Working Configuration 

The sixth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, controls 
the crosstalk noise which occurs in a case where there is wiring that is laid out parallel in the 
same layer. 

[0098] Figures 1 1 (a), (b), and (c) are diagrams showing the principal elements of a 
semiconductor integrated circuit structure according to the sixth working configuration of the 
present invention. Moreover, for the elements which are in common with those of Figure 6, the 
same symbols have been assigned, and the explanation of them has been omitted. 

[0099] As shown in Figure 1 1 (a), a case is considered in which wiring lines 161 and 162 are 
laid out in parallel in the same layer. In the sixth working configuration, a change in the wiring 
layer is made such that a midsection of one of the wiring lines (for example, the wiring 162) is 
replaced by diagonal-direction wiring 173 and/or 174 which forms a 45° or 135° angle with said 
wiring 162, as shown in Figure 1 1 (b). By replacing this wiring, the distance that two wiring 
lines of the same layer run parallel is shortened, so that the generation of crosstalk noise can be 
controlled. 

[0100] Furthermore, suppose that, of the parallel wiring 161 and 162, the wiring 161, for 
example, generates the noise and that the wiring 162 receives the noise. When changing the 
wiring 1 62 with the aforementioned diagonal-direction wiring 173 and/or 174, one or more 
buffer cells 183 are inserted on the diagonal-direction wiring 173 and/or 174. 

[0101] By inserting buffer cell(s) in the diagonal-direction wiring path in this way, it is possible 
to completely prevent noise propagation. For example, if the length of the parallel run is limited 
so that the voltage level of crosstalk noise generated between two wiring lines that are laid out 
parallel in the same layer does not exceed the theoretical threshold of the aforementioned buffer 
cell(s) 183 inserted for noise cancellation, then complete suppression of noise is possible. 

[0102] As described above, with the sixth working configuration, a change in wiring layer is 
made so that the midsection of one of the wiring lines laid out in parallel in the same layer is 
replaced by diagonal-direction wiring. Furthermore, buffer cell(s) are inserted in the diagonal- 
direction wiring path used as the replacement. Consequently, the distance that two wiring lines 
run parallel within the same layer is shortened, allowing the control of the generation of crosstalk 
noise. 

[0103] Seventh Working Configuration 
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The seventh working configuration, in a multi-layer wiring structure which uses the diaoonal 
wmng gncls of the aforementioned working configurations, is a working configuration fn which 
the wmng resources of the diagonal wiring grids are used for supplying power 

[0104] Figure 12 is a diagram showing the configuration of the principal elements of a 
semiconductor integrated circuit according to the seventh working configuration of the present 
mvenfon. For the elements which are in common with those of Figure 6 rh, « , , 

been assigned, and the explanation of them is omitted. ° ' have 

[0105] As shown in Figure 12, a part of the third layer wiring 3 and the fourth layer wirin- 4 
wh,ch are pos.t.oned m layers above the first layer wiring 1 and the second layer wirin. o \ K 
used as power-supply wiring 191 for supplying power. In this way, a part of the wi D 
-sources of the d.agonal-direction general signal lines is used for supplying power and i, is 
passible to compensate for any power (hat is lacking in ceJ1 rows S0 * 

[0106] As described above, according to the seventh working confiouralion an-mnfrhn ■ ■ 
resources of the diagonal-direction general signal lines" is uid as wi, 2 ^ c "™ ' 
As a result, ,t „ possible to compensate for any power that is lacking in cell row. * ' 
[0107] Eighth Working Configuration 

The eighth working configuration is a working configuration in which the layout of cells are 
opnm.zed ,„ a multilayer wiring structure using the diagonal wiring *rids of de afor 1 , 
working configurations. °^ ai01 tnc d| oiementioned 

[0108] RguM 13 (a) and (b) are diagram., showing , he metho(l of ^ 

— ,c,or ci ,,,, acco ,, ing t0 „, e eis „, h workjns * - ^ 

[01 10] With this conventional method, as shown in Fi°ure 13 (b) fim n*. n ■ 
which is to be positioned is divided into two parts by ^ 
cells 201 and 210 are positioned so ihnr .h. u , X_Y du ' ectl °n- Next, 

is small. Afterward, d □ "by 7Jo XTv r "7 ^ "~ *» - >« 260 
» process is repeated £ 7^ ^ * «" .™* 

method described here is called the "mini-cut" method. conventional 



a typographical error in U.c Japanese original ,ex, ignored - Trans.a.or. 
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[0111] Here, the conventional cut lines 260 are vertical and horizontal straight lines 
corresponding to the wiring grids in the X-Y direction as shown in figure 13 (b). However, once 
the aforementioned diagonal-direction wiring lines have been provided, objects having a 45° 
angle appear (for example) as obstacles to wiring as described in the fifth working configuration. 
Therefore, it is not possible to achieve optimum cell positioning only using vertical and 
horizontal cut lines 260. 

[01 12] In light of this, in the eighth working configuration, in addition to the conventional 
vertical and horizontal cut lines crossing perpendicularly, diagonal-direction cut lines 250 are 
used as shown in Figure 13 (a). Cells 201 and 210 are positioned so that the number of wiring 
lines which cross these diagonal-direction cut lines 250 are minimized. In this way, il is possible 
to determine cell positioning which enables optimal wiring in the vertical, horizontal and 
diagonal directions. As a result, an increase in the degree of integration of LSls is possible. 

[0113] As described above, according to the eighth working configuration, when designing the 
cell layout in LSI design, cells are positioned by the mini-cut method using cut lines in the 
diagonal direction. As a result, in multi-layer wiring structures using diagonal wiring grids, it is 
possible to optimize cell positioning so that optimal wiring is achieved. Consequently, the 
degree of integration of LSls can be increased. 

[0114] Ninth Working Configuration 

The ninth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, 
optimizes the clock tree structure through wiring design for clock supply in the case where 
diagonal-direction wiring is used, so that the variation in wiring RC delays is minimized. 

[0115] Figures 14 (a), (b), (c) and (d) are diagrams for explaining the basic structure of clock 
trees in a semiconductor integrated circuit apparatus according to the ninth working 
configuration of the present invention. 

[01 16] In general, a tree-shaped wiring pattern is used in order to provide a clock signal delay in 
each path. In such a case, if a multi-layer wiring structure with wiring grids only in the X-Y 
direction is used, [the structure] is such that the wiring features repetition of the H-type wiring 
pattern shown in Figure 14 (b), as shown roughly in Figure 14 (d). 

[0117] The ninth working configuration adopts a structure in which a pattern utilizing diagonal- 
direction wiring shown in Figure 14 (a) is repeated, in building this kind of tree wiring paths, as 
shown in Figure 14 (c). Specifically, as shown in Figure 14 (a), the paths are connected using 
diagonal wiring grids starting from the four points PI, P2, P3 and P4 and are gradually made to 
approach one another. The two points P5 and P6 where the pairs of points PI and P2 as well as 
P3 and P4 join are in turn connected by wiring in a wiring layer of either the vertical or 
horizontal direction, so that the pattern in Figure 14 (a) is obtained. Here, the branching points 
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of *. pad,, K aad P6 m 1;osilio „ ed so [ha , , he dc|ays jn downaream sjsna| d . tributim 

wiringcapacifance c are d,= same, L J^I^'T ^ 

[0119] 

D„ = rl(2cl)+ 1/2 rJ ° cl = 2.5 rcl 2 (1) 
(where 1 is the length of (he wiring in Figure 14) 

[0120J 

Dd=l/2r(V2j) = c(V2 1) = rcl 2 (2) 

the coavemional H- ly pe of Figure 14 (b" ' * *° «*»*>"1 Spared „ 

[0122] 

D H -D d = (2.5 -I)ncl 2 = |.5rcl 2 (3) 

■h= wring pauerr, is modified, „ s show „ in Figl „, , 5 Tjel of , "* 

6 y means of this wiring pattern in Figure 
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15, ii is possible to establish the balance point accurately. This wiring pattern of Figure 15 can 
be partially used in the overall clock tree of Figure 14 (c). 

[0124] Moreover, as shown in Figure 16 (b), in the area near the output terminals of buffers 310 
inserted in a mid-point in the tree, in some cases "round about" paths 3 1 1 may be provided to 
make the delays equal to those of other buffers. In such cases, by using diagonal-direction 
wiring shown in Figure 16 (a), it is possible to reduce the number of via holes. Consequently, in 
the structure of Figure 16 (a), the beneficial effects can be obtained in terms of reduction of via 
hole resistance and [better] resistance to electro-migration. 

[0125] Figures 17 (a), (b) and (c) show examples of wiring design using the 'labyrinth" method 
as a specific wiring method for the case where the diagonal wiring grids in the 45° and 135° 
directions are created by automatic wiring. 

[0126] 320 and 321 in Figures 17 (a), (b) and (c) arc the starting point and the ending point for 
pairs of terminals which should be mutually connected. 330 is a "no-wiring" region in the chip 
core region. The layout of the wiring, from the starting point 320 to the end point 321, follows 
the path indicated by the thick line in Figures 17 (a), (b) and (c). The example shown in Figure 
17 (a) illustrates wiring in which both X-Y direction wiring and diagonal-direction wiring are 
used. Figure 17 (b) shows an example in which wiring is performed by diagonal-direction 
wiring only. Furthermore, the example shown in Figure 17 (c) illustrates wiring in which X-Y 
direction wiring and 135° direction wiring are used. 

[0127] As described above, with the ninth working configuration, in constructing tree paths, a 
configuration is used which combines unit wiring patterns which make use of diagonal-direction 
wiring. As a result, it is possible to reduce the wiring RC delay and construct an optimal clock 
tree. 

[0128] Tenth Working Configuration 

The tenth working configuration is a working configuration in which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, the X-Y 
direction wiring grids of Figure 3 are formed by means of three wiring layers which cross each 
other perpendicularly, making it possible to increase wiring resources in the cell row direction. 

[0129] Figure 18 is a layout diagram showing the wiring grid structure of a semiconductor 
integrated circuit according to the tenth working configuration of the present invention. Figure 
1 9 is a cross-sectional diagram, as viewed from the direction of the X axis in Figure 1 8, of a 
wiring structure which is wired on the basis of the wiring grid structure shown in Figure 18. 

[0130] In Figure 18, the X-Y direction wiring grids are formed by means of three layers of 
wiring. Specifically, as shown in Figure 18, the wiring lines of a first layer 601, second layer 
602 and third layer 603 cross each other perpendicularly as do those of a fourth layer 604 and 
fifth layer 605, and thus form wiring grids. Here, the tenth working configuration provides the 
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hud layer w.nng 603 that runs in parallel to the first layer wiring 601 Snecifioallv ,„, a 
la,d out 50 ,hat "» f »»«h layer wiring and the fifth laye wirina 11 thefi^ , 'r ^ 
rvell as the third layer wiring a, 45' and ,35- respectively ^ '""""^ aS 

[0131J 601 in Figure 18 is the first layer wiring arid In the Invar ,h„„ ■, , 
perpendicularly, the second layer wiring „ rid 602 s formed , T ' Cr ° SSi " S 
nayerj wiring g,, d 60 2, and cling pe % di 1 " ^ hi, ■ , 7" ^™ '" iS ^ 
Funhenmone, crossing the firs, laye, wirin, oriTlo! and thftrl I . w,r,n £ ^ «°3 is formed, 
of 45-. the diagonal-direction fourth laye ^ r^ZT* ^ ™ " " 

layer wiring 605, which are hid out in tl w , " " ie Winn 8 ,Ines of fifth 

«- ,.ch * hetweon the -SEE J^SES " ^ ^ 

■« u ,he L^L^z^t::::^r "■ * 

whtch arc laid on, in the diagonal direction, arc rcspectivelv , X ^ 6 ° 3 ' 

between f.v/cj the wiring linen of the fi BI ln W , wh „ 60 , , ° " ,e C P" c " '*J W 

the .second layer wining 602 as well 1 § ' W,!e " [ * J " >e wi ™S "»« or 

and the third Lyer win n 603 il " Tl * *° " CWd *»« «» 

wiring 602, a„d y «hi,d lay^n w r 603 i s ^Zi „ * ^ Imr 

configuration, ,, is possible to inc,ca S i rc " ^ TT * f ** ^ 
Moreover, the tenth „„ rkin „ confi „ ur . llinn ° " lhe ceM row option even more, 
doe, no, provide wining channel " "* W °'""S configuration in ,h a , i, 

[0134J In mufti-layer structures based on wirin,, arid, in „,„ 

cross perpendicularly, in , hc case where a 2 alltv it, C °" VC "" Ma ' onnction which 
crosstalk noise is generated due to Ita^^ rT ™ fc ™ d to "«""«•. 

configuration, because i, is a comb nn,L™ J " , W ™ g ' ,he KMh ™ridn S 
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them the aforementioned diagonal wiring grid is formed. As a result, wiring resources in the cell 
row direction can be ensured. 

[0136] Moreover, as a modified example of the tenth working configuration, one or more layers 
of wiring grids may be formed on top of the diagonal wiring grids formed by the fourth layer 
wiring 604 and fifth layer wiring 605. These upper-layer wiring grids are formed by a pair of 
wiring grids consisting of the sixth layer wiring and seventh layer wiring (which cross each other 
perpendicularly) at a 45° angle with respect to the fifth layer wiring 605. After that, further build 
up is done by repeating this structure. Specifically, in addition to the standard wiring grids 
consisting of the aforementioned first layer wiring, second layer wiring and third layer wiring, 
and the diagonal wiring grids consisting of the fourth layer wiring and fifth layer wiring, a pair of 
wiring grids consisting of two layers, (/? - I )tii layer and /;th layer, are formed which cross each 
other perpendicularly and which form a 45° angle with respect to the (/; - 2)th layer wiring, thus 
providing a wiring structure with cj layers (where q > 5). 

Here, the line pitch [between] the wiring lines of the (p - l)th layer and the /rth layer which cross 
each other perpendicularly is set at ^2 times the line pitch [between] those of the (p - 2)th layer. 
Furthermore, the wiring line width of the (p - l)th layer wiring and the pih layer wiring is set at 
\'2 times the line pitch [sic] of the (/; - 2)th layer wiring. Moreover, for the first layer wiring, 
second layer wiring and third layer wiring, it is desirable that the wiring line width, height and 
line pitch be defined at the minimum specified according to the design rules for wiring design. 

[0137] With this modified example, it is possible to increase the degree of integration of circuits 
and to reduce wiring RC delay. 

[0138] Eleventh Working Configuration 

The eleventh working configuration is a working configuration in which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, circuit 
speed is increased by using the wiring of wiring layers forming diagonal wiring grids for global 
wiring which is relatively long wiring. 

[0139] Figure 20 is a diagram which explains the wiring layout according to the eleventh 
working configuration. Figure 21 is a diagram which explains the global wiring according to the 
eleventh working configuration. Furthermore, to facilitate understanding, the following 
description uses an example in which, as in the tenth working configuration, the X-Y direction 
wiring grids are formed from the first layer wiring, second layer wiring and third layer wiring, 
and the diagonal wiring grids are formed from the fourth layer wiring and fifth layer wiring. 
However, it goes without saying that this can also be applied to the case in which the X-Y 
direction wiring grids are formed by the first layer wiring and second layer wiring as shown in 
the first working configuration. 
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0140] As shown ,„ figure 20, in the eleventh working configuration, the upper layer wirin* of 
he fourth layer wiring and the fifth layer wiring, which form the diagonal wiring grids is used 
or global wmng. In global wiring, the delay characteristics which are generally required 
become a cnt.cal matter. Because these delay characteristics affect the overall circuit speed of 
the chip, the wiring RC delay, in particular, becomes an issue. Here, in the aforementioned 
working configuration, the RC delay of the upper layer wiring becomes half that of the lower 
layer wiring (,e., the wiring in the X-Y direction). As a result, by using the wirin* of the 
diagonal w.nng grids constituting the upper layer wiring for global wiring, the operating speed 
of th circuit can be increased. On the other hand, it is desirable to use the lowei layer JZ 
(i.e., the wiring in the X-Y direction) for local wiring. y g 

[0141] Moreover, here "global wiring" refers to the wiring used for such lines as clock net 
(clock wiring), bus and power supply reinforcing lines for the entire chin For M , 
- of 0.25 M m design rules, if wiring with wirm g length 

used for global winng, then the wiring RC delay will become approximately 1 4 * 
incidentally, "local wiring" refers to wiring with wiring length shorter than the abo"' 
[0J42] Furthermore, the line pitch of the X-Y direction wiring (lower layer wiring u,l ■ , ■ 

example) clock buffers cells, buffer cells for bus use P ,r , T ' * (f °'' 

^^^^^^^ 

r i»- s or «,„ w ith s , ro „ s drive powcr is , pat( ; n ~ i:r 1 

pouus w„ ere Ihe diagonal wirmg grids of thc upper layer aL ^2iz; 5 " ccess 

^^zzzzr: ,crminal ; oftee ct,,s in • f °™ •* ^ 

wmng of ,he diagonal wiring grids of the fourth and hi-ber Zl h i ^ l ' PPe '' ' aye '' 
nu.be,- of via holes and ,o reduce U,e resistance J£££Z£ " '° * «" 

[0144] As described above accord; n a tu i 

layers conjuring diagonal d ° "S^^*^*" 8 

wiring. As a result, the wiring RCdelay w, eh Z ? S ' ' C " " ' ell " iVely ,0n S 

oe reduced, and circuit speed can be ' "* ^ °" can 

Twelfth Working Configuration 
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the RC product as follows: specifically, a clock wiring structure for supplying clock [signals] 
from a PLL (Phase Locked Loop) circuit is such that the wiring is done from the PLL to the 
center of the chip using a diagonal wiring grid, and the wiring from this chip center to each flip- 
flop is defined by a tree structure. 

[0145] Figure 23 (a) is a diagram showing the conventional wiring method for clock supply 
from a PLL. Because a PLL 803 is a sensitive analog cell, due to circuit characteristics, it must 
be positioned at the edge of the chip. As a result, with the conventional method of using X-Y 
direction wiring 801 , wiring lengths become long. Figure 23 (b) is a diagram showing the wiring 
method of the twelfth working configuration for clock supply from a PLL. With the twelfth 
working configuration, clock supply wiring 802 from the PLL S03 M to the chip center 804 is 
done using a diagonal wiring grid. As a result, wiring length is shortened, and also the wiring 
RC delay is reduced. As shown in Figure 24, the wiring from this chip center to the clusters 
made up by each flip-flop is done via buffer cells. Figure 25 is a diagram showing the clock tree 
of the twelfth working configuration. From each buffer cell, as shown in Figure 24, a clock 
wiring path is configured so that the RC product is balanced. Specifically, in order to balance 
the delay of the X-Y direction and the diagonal direction, the clock wiring path from the chip 
center is configured hierarchically. This hierarchical clock tree may be formed in the same way 
as in the aforementioned ninth working configuration as shown in Figure 26. Furthermore, a 
PLL may be substituted with a DLL. 

[0146] Furthermore, in making these clock wiring paths, it is desirable to give priority to use of 
upper-layer diagonal wiring grids and to set the wiring line width wide. Specifically, if the line 
pitch of the diagonal wiring grids is V2 times that of the lower-layer X-Y wiring grids, it is 
easier to use wider line widths in the diagonal wiring grids. As a result, it is possible to suppress 
any increase in the wiring RC delay which accompanies reduced [sic] wiring resistance R. 

[0147] As described above, according to the twelfth working configuration, by using a diagonal 
wiring grid for the clock supply wiring from the PLL to the chip center, the clock wiring paths 
are configured hierarchically in order to balance the delays of the X-Y direction and diagonal 
direction in the clock supply wiring running from this chip center to each flip-flop on the chip. 
As a result, the wiring length for clock supply is shortened, and also the wiring RC delay is 
reduced. 

[0148] Thirteenth Working Configuration 

The thirteenth working configuration is a working configuration which, in a multi-layer wiring 
structure using the diagonal wiring grids of the aforementioned working configurations, uses a 
diagonal wiring grid to pass wiring lines over an SRAM in cases where an SRAM is positioned 
in the chip. Moreover, the thirteenth working configuration also applies to the configuration 
where a DRAM is used instead of an SRAM. 

Translator's note: ihe original erroneously reads M PLL 802." 
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I - 2 arc used. foreMmple , te^E^**^™*"*- 
901. On ,he orher hand, p L tllroug „ v ^ ^ «" ^ '« *™d whhin an SRAM 

diagonal wiring grids. In o.her words X Y d ™ US ' nS ,hc Wr-layer 

pas., t l, roug „ winng 3 and 4» (using «» S ^M 90. and 

«^ 

™eroa, wiring of d,e mem „ri= s a, ^ £ ^ ~«« * 

-ring wiri.in ,h= memories and p,ss-d,rough wiring i s rcduclV '' C0 " P "" S "°' X " e ' WeC " 

Possible. 1,0,11 ,lS es - semial Pomis, many kinds of variations are 



[0152] 



ESSES ,ts r d,ns 10 - «— *«■*». - • 

direction wiring grid, ,„», cross SC^Sr*^ 

d.rccion wiring grid., the, cross [each other Z , * ProV ' ded additio " '° X-Y 

-rough use of Che diagona, wi^^^S^^ n f °"° Wing « 

[Brief Explanation of the Figures] 

figure 2] Figure 2 ,s a plan view showing one examnl, ,r ■ - 
[Fi ^^^3 isa c ro s., S eo li o n a,view ato „g lineA _ Ai „ Fiourel 

present mvention. C °' d ' n8 10 tlK sc '°"<i forking co„fi gllrat j on of |he 

f«gare 5, Figore 5 is . ^ ^ ^ ^ ^ ^ 
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[Figure 6] Figure 6 is a layout diagram showing the structure of a semiconductor integrated 
circuit apparatus according to the third working configuration of the present invention. 

[Figure 7] Figure 7 is a partial plan view showing the shapes of via holes in a semiconductor 
integrated circuit apparatus according to the fourth working configuration of the present 
invention. 

[Figure 8] Figure 8 is a diagram showing cells or mega-cells in a semiconductor integrated 
circuit apparatus according to the fifth working configuration of the present invention. 

[Figure 9] Figure 9 is a diagram showing examples of obstacles to wiring in the fifth working 
configuration. 

[Figure 10] Figure 10 is a diagram which explains the relationship between wiring and obstacle 
regions in the wiring of the fifth working configuration. 

[Figure 1 1 ] Figure 1 1 is a diagram showing the principal elements of the structure of a 
semiconductor integrated circuit apparatus according to the sixth working configuration of the 
present invention. 

[Figure 12] Figure 12 is a diagram showing the principal elements of the structure of a 
semiconductor integrated circuit apparatus according to the seventh working configuration of the 
present invention. 

[Figure 13] Figure 13 is a diagram showing the method of cell layout in a semiconductor 
integrated circuit apparatus according to the eighth working configuration of the present 
invention. 

[Figure 14] Figure 14 is a diagram which explains the basic structure of clock trees in a 
semiconductor integrated circuit according to the ninth working configuration of the present 
invention. 

[Figure 15] Figure 15 is a diagram which explains a modified example of the clock tree structure 
according to the ninth working configuration. 

[Figure 16] Figure 16 is a diagram which explains the principal elements of the structure of a 
tree in the case of providing a "round about" path. 

[Figure 17] Figure 17 is a diagram showing a specific wiring method for the case where the 
diagonal wiring grids are created by automatic wiring. 

[Figure 18] Figure 18 is a layout diagram showing the wiring grid structure of a semiconductor 
integrated circuit apparatus according to the tenth working configuration of the present 
invention. 
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[Figure 23) Figure 23 is a diagram which CXD I ,in< r.,i 

-PPly ™„g f,, m a PLL to each flip 2 a C °" VCn "° n: " W ™8 «"«™ of clock 

—1^^ ' dii ' Sram W " iCl1 "* ■**■«■ or-s hi fnn S „ f srid poims 

[Explanation of Symbols] 



1.601 first layer wiring 

2, 602 second layer wiring 

3, 603 third layer wiring 

4, 604 fourth layer wiring 

10 semiconductor substrate 
1 J interJayer insulation film 
] 2 . J 3, 14 via holes 



35 



Japanese Patent Application Kokai Number: 2000-82743 



20 repeater cells 
21,22, 101,201 cells 
80 cell row 
85 wiring channel 

102 effective region 

103 transistor region 

191 wiring for supplying power 

250, 260 cut lines 

605 fifth layer wiring 

610 cells with strong drive power 

801, 802 clock wiring 

803 PLL 

804 chip center 

805 buffer cell 

806 flip-flop 

807 cluster 
901 SRAM 
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[Figure 5] 

21,22: cells 

64, 73: narrower wiring line width 
63, 74: broader wiring line width 
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80: cell rows 
85: wiring channel 



[Figure 6] 
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(b) 



(c) 
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[Figure 7] 
90A, 90B, 90C, 90D: via holes 
91: X-Y direction wiring 
92: diagonal-direction wiring 
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[Figure 8] 

101: cell 

101a: four corner lines 

102: effective regions 

103: transistor region 

103a: transistors 

113: diagonal-direction wiring 
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[Figure 10J 

JOi > 141: cells 

J 42 152: obstacle regions 
'43, b3: wiring 

,44J54; are ™ "ear four corners 
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Power-supply wirin „ 
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201,210: cells 
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[Figure 13] 
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wiring 



250,260: cut lines 
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(a) 




(b) 




270 /<7 




[Figure 15] 



270: balance point 



(c) 




(a) 



300^7 7rl-j^ 
301 £fuI£S$ 



(d) 



[Figure 14] 
270 ; 280: balance points 



(b) 
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[Figure 16] 
300,310: buffer cells 
301, 31 1: "round about" paths 



40 



00 




(b) 





320: 
32 J: 
330: 



[Figure 17] 
lerminal-pair starling point 
terminal-pair ending point 
"no-wiring" region 
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r nf . r , f Figure 18] 
601: first layer wiring 
602: second layer wirfna 
603: third layer wirine * 
604: fourth layer winn * 
605: fifth layer wiring" 
a: X axis 

b: cell row direction 
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<m r- [Rgure 
601: first layer wiring 
602: second layer wirino 
603: third layer wiring * 
004: fourth layer wirino 
605: fifth layer wiring * 
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second layer 
third layer 
fourth layer 
fifth layer 
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[Figure 20] 
a: first layer f. Q , nKnl . . 

b: second layer . flf?' ™. nn * 

c: third layer g * ^ W,nn « 

d: fourth layer 

e -* fifth layer 
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[Figure 2 J] 
601, 602, 603: local wiring 
610: cells with strong drive power 
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703 AflJS* 

[Figure 22] 
701: ground terminal 
702: power source terminal 
703: input terminals 

704: defined location for output terminals 




806: flip-flops 
807: clusters 




[Figure 25] [Figure 26] 
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[Figure 27] 




[Figure 29] 
50 J, 502: grid points 
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[Figure 28] 
40 J: first layer wiring grid 
402: second layer wiring grid 
403: third layer wiring grid 
404: fourth layer wiring grid 



Continued from the front page 

(72) Inventor: Masami Murakata 

c/o TOSHIBA CORPORATION 
Microelectronics Center 
I Toshiba-cho, Komukai, Saiwai-ku 
Kawasaki-shi, Kanagawa 
(72) Inventor: Masaaki Yamada 

c/o TOSHIBA CORPORATION 
Microelectronics Center 
I Toshiba-cho, Komukai, Saiwai-ku 
Kawasaki-shi, Kanagawa 



(72) Inventor: Fumiliiro Minami 

c/o TOSHIBA CORPORATION 
Microelectronics Center 
I Toshiba-cho, Komukai, Saiwai-ku 
Kawasaki-shi, Kanagawa 
(72) Inventor: Hisahiro Akiyama 

c/o TOSHIBA CORPORATION 
Microelectronics Center 
I Toshiba-cho, Komukai, Saiwai-ku 
Kawasaki-shi, Kanagawa 
(72) Inventor: Takaakj [?] Aoki 

c/o TOSHIBA CORPORATION 
Microelectronics Center 
1 Toshiba-cho, Komukai, Saiwai-ku 
Kawasaki-shi, Kanagawa 



43 



